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Background: The persistent problem of poor agricultural practices and technology use leads to food insecurity for
some farmers in Ghana. Studies show that the adoption of improved agricultural practices and technology may
help stabilize production and lessen food insecurity. This study addresses the link between food insecurity and
the adoption of soil-improving practices. To address this link, the objectives of this study are to examine factors
associated with the adoption of soil-improving practices by Ghanaian farmers and how this adoption impacts
the probability of increased food security. Using survey data, two logit models are estimated to determine 1) the
likelihood of adopting soil-improving practices including how food security may influence adoption and 2) the
relationship between technology adoption and food security.
Results: In the adoption model, being a food secure household, the use of insecticides and seasonal lease land
tenure increase the probability of adopting such soil-improving practices. Farming on better soil decreases the
probability of adopting soil-improving practices. Higher incomes along with the use of chemical fertilizers, farming
on better soil, and the use of commercial seeds increase the probability of the household being food secure. The
results on fertilizer, soil, and seeds are most likely associated with increased production. The use of insecticides
(which may be an indicator of an insect infestation) lowers the probability of being food secure. Household characteristics
such as income, age, education level, and household size are not significant in influencing the adoption
decision or improving household food security.
Conclusions: The results lend support to a need to fine-tune the fertilizer subsidy policy implemented by
the Government of Ghana. The government needs to consider that the use of fertilizer may have conflicting
influences on adoption of soil-improving practices and food security. Improved seed research and distribution
would improve the households’ food security. Inferences also suggest that it is important to consider land
contract markets in policy decisions.
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Agriculture is a major source of livelihood in Ghana,
supporting 46% of the total households and accounting
for 30% of Ghana’s gross domestic product in 2010 [1].
Although agriculture is a growing sector in Ghana’s
economy with a mean annual growth rate of approxi-
mately 5.3% [1], food insecurity remains an issue. Food
security is composed of three basic elements: availability,
access, and utilization [2,3]. Availability is the condition
where there is physical presence of food in the form of* Correspondence: j-mjelde@tamu.edu
2Department of Agricultural Economics, Texas A&M University, College
Station, TX, USA
Full list of author information is available at the end of the article
© 2014 Nata et al.; licensee BioMed Central Lt
Commons Attribution License (http://creativec
reproduction in any medium, provided the or
Dedication waiver (http://creativecommons.or
unless otherwise stated.domestic production, commercial imports, and aid. Ac-
cess is the ability to acquire food through a combination
of home production and stocks, purchasing, borrowing,
personal gifts, and in-kind or food aid. Utilization is
the household’s use of acquired food including the
ability to absorb and metabolize nutrients. Using these
elements, food security is generally defined as “Secure
access by all people at all times to enough food for a
healthy life” [3], p. 2.
Wolter [4] notes that for a proper perspective of
agriculture and food security in Ghana, one needs to
consider the two faces of Ghana agriculture. Ghana is
facing stagnating production in the food crop sector
contributing to food insecurity, but increasing exportsd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
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Food Programme (WFP) estimates that 1.2 million
people in Ghana (approximately 5% of the population)
have limited access to sufficient and nutritious food
[5]. Out of these 1.2 million people, almost 55% are
from households that are primarily food and cash crop
farmers, agro-pastoralist, food processors, or unskilled
laborers. The basic underlying factors noted by the
Biederlack and Rivers [5] for the food insecure house-
holds are high dependency on agriculture, lack of edu-
cation, lack of access to output markets, and poverty.
Other studies such as [6] and [7] attribute ineffective pro-
duction techniques, inadequate extension access, and in-
adequate input supplies as causes of food insecurity.
To improve food security, Ghana has implemented
several programs through accelerated agriculture growth
and development strategies [8]. Stabilizing production in
a sustainable way through soil-improving practices may
be one way of ensuring food security for the growing
Ghanaian population. Haggblade and Tembo [9], for ex-
ample, argue that farming with minimum tillage, cover
crops, and crop rotation holds promise for stabilizing
production and ensuring food security from their experi-
ments in Zambia. There, however, is little information
concerning the relationship between food security and
adoption of soil-improving practices in Ghana. Adoption
of recommended soil management practices may im-
prove soil quality, help adaptation to climate change,
and is essential to advancing food security [10].
The agriculture technology adoption literature, which
includes the adoption of soil conservation/soil-improv-
ing practices, presents diverse results depending on loca-
tion of the study, type of technology, and other factors
considered. Pender and Gebremedhin [11] argue that as
a result of population pressure, more land is being culti-
vated causing arable land to become increasingly scarce.
Landholdings per household may become smaller, redu-
cing per farm production and subsequently smaller in-
vestments in the land. As a result, a vicious circle of low
productivity, inadequate investment capacity, and con-
tinued degradation exert further pressure on the existing
cultivated land [11]. Solutions to this cycle call for the
need to apply sustainable land practices to resolve the
long-term impact of degradation on productivity and
food production. Reviews of this literature [12-14] sug-
gest that there is a general consensus pointing to a posi-
tive relationship between agriculture technology use and
output, hence on households’ food security status. There
are potential location-specific effects [14], including
both socio-economic households’ characteristics and
bio-physical conditions of agricultural practices that
need to be understood if relevant information for policy
purposes is to be developed. This study starts to fill in
the gap by providing information on farmers’ decision-making regarding the use of soil-improving practices
and food security.
The overall objectives of this study are to examine
factors associated with the adoption of soil-improving
practices by Ghanaian farmers and how this adoption
impacts the probability of increased food security. Fac-
tors associated with the probability of adoption of
soil-improving practices of households in the GA
West District in Greater Accra Region of Ghana are
examined. This study also explores if and how food in-
secure agricultural households differ from food secure
agricultural households in terms of agricultural prac-
tices, household characteristics, and adoption of soil-
improving technologies. To achieve these objectives, a
survey of Ghanaian farmers was conducted. Logit
models are used to determine likelihood of adopting
soil-improving practices and the association between
adoption of soil-improving practices and food security.
Methods
Study area
The study area is the GA West District in Greater Accra
Region of Ghana (Figure 1). The major agricultural crops
in the Greater Accra region are cassava, rice, and maize.
Cassava covers one-half of the cropping area, while rice
and maize comprise approximately one-fourth of the
cropping area in 2010 [15]. Production of cassava was
68,170 tons, while rice and maize production were
12,741 tons and 3,584 tons in 2010 [15].
Description of survey
Survey data was collected during the fall of 2012. Ap-
proval of the survey was obtained from the Institutional
Review Board at Texas A&M (IRB2013-0513). Informed
consent was obtained from each participant before
they answered the survey. Information on food security,
farming practices, socio-economic characteristics, food
consumption, asset ownership, soil-improving practices,
technological adoption, and income for 116 households
was collected. The detailed survey consisted of 14 pages
of questions [16]. The questionnaire was pretested using
households within the study region. The survey was part
of a larger study on soil fertility improvement in Ghana
conducted by the Norman Borlaug Institute at Texas
A&M University.
Face-to-face interviews were conducted by extension
agents from the Ministry of Food and Agriculture in
Ghana, working for the district agriculture office. Re-
spondents were chosen to account for diversity in farm-
ing systems and socio-economic conditions within the
district. The interviews took place in a cluster of 14 rural
villages within Ga West District. Even though all the vil-
lages lie in the same region of Ghana, there is consider-
able diversity in farming practices, especially in terms of
Figure 1 Location of the study area in Ghana, the Greater Accra region and GA West. (Source: Wikomedia Commons).
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tunately, there is no official information on the number
of households (to provide a sampling frame); as such, re-
spondents were identified with the help of the extension
agents. These agents have considerable knowledge con-
cerning the specific localities of villages. A village con-
sists of two to approximately ten dwellings. Given the
dispersion of the villages, the extension agent teams split
into two groups to interview the farmers. The data col-
lection process was time-consuming because the data
collectors had to walk between the widely dispersed vil-
lages to conduct the interviews. Completion of the sur-
vey took between 30 min and an hour depending on the
complexity of the respondents’ household and farming
operations. One person per household completed the
survey, usually the household head.
Logit model for adoption choice
A logit model is used to provide changes in probability
of the adoption of soil-improving practices associated
with various household characteristics. A household is
categorized as adopter if they use (adopt) one or more
of the five soil-improving practices: no-till, minimum till,
applying mulch, planting cover crops, and using crop ro-
tation. Non-adopters are households that do not use any
of these practices. The use of logit models in economics
is based on random utility theory [17]. Households areassumed to choose the alternative(s) that maximize their
utility subject to a set of constraints [17,18]. Indirect
utility, the basis for this analysis, measures the max-
imum utility that a household achieves given the price
level and constraints [18]. According to the random
utility theory, indirect utility has both a deterministic
component and a random (unobservable) component.
Assuming two (0 and 1) choices and the commonly
used linear utility model, the household’s utility associ-
ated with choice zero is:
Ui0 ¼ V i0 þ εi0; where V i0 ¼ Xβ0 ð1Þ
where Vi0 is the deterministic utility associated with
household i and alternative 0, X is a matrix of independ-
ent variables with the corresponding parameter vector
β0, and εi0 is the random component. Similarly, for
choice one, the household’s utility is:
Ui1 ¼ V i1 þ εi1; where V i1 ¼ Xβ1: ð1aÞ
The utilities are unobservable, but the observed choice
reveals which choice provides the larger utility. Letting Y =
1 denote the household’s choice of alternative 1, the prob-
ability that household will choose 1 [19]:
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¼ Pr½Xβ1 þ εi1 > Xβ0 þ εi0 Xj 
¼ Pr½Xβ1−Xβ0 þ εi1−εi0 > 0 Xj 
¼ Pr½X β1−β0
  þ εi1−εi0 > 0 Xj 
¼ Pr Xβþ εi > 0 Xj :½
ð2Þ
One cannot estimate the separate effects of the indi-
vidual beta coefficients, but can only estimate the differ-
ences in the betas. Different assumptions on the error
terms give rises to the various quantitative choice
models. Here, the error terms are assumed to have the
standard logistic distribution which gives rise to the con-
ditional logit model. Here, the predicted household
choice is based on the following:
Choice zero if X β^ < 0; and
Choice one if X β^ > 0
ð3Þ
where the “cutoff” point between the two possible
choices is zero. In the model, Y = 0 is designated as a
household that does not adopt soil-improving practices
and Y = 1 is a household adopting soil-improving prac-
tices. For estimation propose, the base group is non-
adopters.
Description of the independent variables and expected
signs with respect to the base variables are given in
Table 1. A positive sign indicates that the characteristic
is expected to increase the probability of adoption of
soil-improving practices. A “?” indicates no prior expect-
ation of the effect of the variable on adoption. The main
variable of interest is food secure vs. insecure house-
holds. Chronic, seasonal, vulnerable, and food secure
households are as described in the next section. Based
on these four categories, food insecure households are
those that fall in any one of the three food insecure cat-
egories: chronic, seasonal, and vulnerable. Food security
is expected to lead to a higher probability of adoption of
soil-improving technologies because the household may
have been able to forgo short-run food production to in-
crease the productivity of the soil without compromising
the hunger of the household.
Ordered logit for food insecurity
An ordered logit model is estimated to investigate the
factors influencing a household’s food security category.
Different scales or categories have been developed to
classify levels of food insecurity. The classification of
households’ food insecurity used here is based on the
duration of time a household goes without sufficient
food: chronic, transitory, and vulnerable [2,20,21]:Chronic food insecure—occurs if the household was
persistently unable to meet the minimum daily
requirement over the past 12 months;
Seasonal food insecure—occurs if there was a cyclical
pattern of inadequate access to food over the past
12 months. Typically, the period of food shortage is
between planting and harvesting. It is commonly
associated with climate shocks, natural disasters,
economic crises, or conflicts;
Vulnerable food insecure—occurs if the household is at
risk of transitory or chronically food insecure, but
currently has a minimum acceptable food intake; and
Food secure household—is a household where all
members have not lived in hunger over the past
5 years.
Ordered logit is used to take advantage of the ordinal
nature of the food security categories. For example, a
household in the seasonal food insecure category is
“worse off” than a household in the vulnerable category,
but they are “better off” than a chronic food insecure
household.
The ordered logit is an extension of the previous con-
ditional logit model by adding multiple cutoff points.
For the four food secure categories model, the model
predicts that a household is in the four food security cat-
egories based on the following [19]:
Chronic food insecure Xβ^ < u^a;
seasonal food insecure u^a < Xβ^ < u^b;
vulnerable food insecure u^b < Xβ^ < u^c; and
food secure Xβ^ > u^c:
ð4Þ
With four categories, three cutoff points are estimated,
the μ^0s. The logistic model is estimated for the adoption
and food category models using maximum likelihood
techniques programmed in STATA version 11 [22].
The adoption and food security model include the
same independent variables with two exceptions. In the
adoption model, an independent variable indicating
whether the household food secure or not is included. In
the food security model, a variable indicating the adop-
tion of soil-improving practices is included. In both
models, the marginal effects are not equal to the coeffi-
cients. Marginal effects, calculated at the mean of the
continuous independent variables, are provided by
STATA based on either continuous or discrete variables.
Results and discussion
Adoption of soil-improving practices
The chi-squared test p value is 0.00, indicating that the
coefficients of independent variables are not jointly equal
to zero (Table 2). Moreover, the model fit is within the
range expected for cross-sectional data with a pseudo R2
Table 1 Description of variables and expected signs used in the conditional and ordered logit models
Variables Expected sign Values Details
Adoption Food security
Dependent variables
Application of soil-improving practices No adoption = 0 Mulching, cover crops, crop rotation,
no-till, and minimum till
Adoption = 1
Food insecurity groups Chronic = 1
Seasonal = 2
Vulnerable = 3
Food secure = 4
Independent variables
Application of soil-improving practices + No adoption = 0
Adoption = 1
Food insecure/secure + ? Food insecure = 0
Food secure = 1
Income + + Continuous 100 cedi currency/year
Chemical fertilizer application ? + No application = 0 12-month time frame
Apply = 1
Commercial seed application ? + No application = 0 12-month time frame
Apply = 1
Insecticide application ? ? No application = 0 12-month time frame
Apply = 1
Herbicide application ? ? No application = 1 12-month time frame
Apply = 1
Household head age + ? Years
Household head education level + + No or pre-school = 0
junior and above school = 1
Household size ? ? Number
Medium-quality soil ? + Poor = 0
Medium = 1
Seasonal lease ? ? No seasonal lease = 0 12-month time frame
Seasonal lease = 1
Long term proprietorship—dropped
to avoid collinearity issues
+ ? No long lease = 0 12-month time frame
Long lease = 1
Sharecropping ? ? No sharecropping = 0 12-month time frame
Share cropping = 1
Information and training (access) from
extension services
+ + No access = 0
Access = 1
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and marginal effects in Table 3. The independent vari-
able signs are interpreted with respect to the base, non-
adopters. In the following discussion, a significant level
of 0.15 is assumeda.
The coefficients associated with food security (whether
the household is food secure or not), use of chemical
fertilizers, use of insecticides, soil quality (medium-qual-
ity soil), and seasonal lease arrangement are significant.Food secure households are more likely to adopt soil-
improving practices than food insecure households.
Food secure households may be willing to sacrifice some
production for increased soil quality because they are
not hungry. Kristjanson et al. [23] found a similar rela-
tionship between farming practices and number of
months with food deficit for five African countries. Their
study observed that households that experience a larger
number of months with a food deficit per year make less
Table 2 Estimated coefficients for adoption of soil-improving practices model
Variable Coefficient Standard error z p > |z| 95% confidence interval
Food insecure/secure 1.746 0.782 2.230 0.026 0.213 3.279
Chemical fertilizer −1.443 0.785 −1.840 0.066 −2.981 0.095
Commercial seed 0.166 0.733 0.230 0.821 −1.272 1.603
Herbicides −0.752 0.758 −0.990 0.321 −2.237 0.733
Insecticide 0.949 0.657 1.450 0.148 −0.338 2.236
Medium-quality soil −1.208 0.723 −1.670 0.095 −2.626 0.210
Off-farm activity −0.075 0.695 −0.110 0.914 −1.437 1.288
Seasonal lease 2.280 0.655 3.480 0.001 0.995 3.565
Share cropping −0.295 0.857 −0.340 0.731 −1.975 1.385
Income 0.005 0.015 0.350 0.728 −0.023 0.034
Education level −0.229 0.580 −0.390 0.693 −1.366 0.909
Household size 0.033 0.147 0.220 0.824 −0.256 0.322
Age of house head −0.001 0.023 −0.030 0.980 −0.045 0.044
Extension service 0.029 0.655 0.040 0.965 −1.254 1.312
Intercept 1.205 2.145 0.560 0.574 −2.999 5.410
Base group: non-adopters.
Number of observation = 116.
Chi squared = 45.65, probability > chi squared = 0.0000.
Pseudo R2 = 0.32.
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micro-catchments, ridges, rotations, improved pastures,
and trees) compared to households with fewer months
with food deficits. Ajayi [24] notes that farmers have a
good understanding of food security and soil fertility is-
sues. This understanding may contribute to the positive
association between adoption of soil-improving practices
and food insecure/secure category.
The use of chemical fertilizers decreases the probability
of adopting soil-improving practices. Given the nature ofTable 3 Marginal effects for the adoption of soil-improving p
Variable Marginal effect Standard error
Food insecure/secure 0.235 0.099
Chemical fertilizer −0.195 0.102
Commercial seed 0.022 0.099
Herbicides −0.101 0.101
Insecticide 0.128 0.086
Medium-quality soil −0.163 0.095
Off-farm activity −0.010 0.094
Seasonal lease 0.308 0.071
Share cropping −0.040 0.115
Income 0.001 0.002
Education level −0.031 0.078
Household size 0.004 0.020
Age of house head 0.000 0.003
Extension service 0.004 0.088the survey questions, one can only speculate as to why this
is the case. It may be the case that households are substi-
tuting fertilizers for soil-improving practices to maintain
yields. The use of insecticides increases the likelihood of
adoption of soil-improving practices. Application of insec-
ticides may indicate pest infestations, and households are
adopting soil conservative practices to help control in-
sects. Soil quality is categorized as either poor or medium
quality according to the subjective opinion of the respond-
ent. This coefficient is negative indicating that respondentsractices model
z p > |z| 95% confidence interval
2.390 0.017 0.042 0.429
−1.900 0.057 −0.395 0.006
0.230 0.821 −0.171 0.216
−1.010 0.314 −0.299 0.096
1.490 0.137 −0.041 0.297
−1.710 0.087 −0.350 0.024
−0.110 0.914 −0.194 0.174
4.360 0.000 0.169 0.446
−0.340 0.730 −0.266 0.186
0.350 0.728 −0.003 0.005
−0.400 0.693 −0.184 0.122
0.220 0.824 −0.035 0.043
−0.030 0.980 −0.006 0.006
0.040 0.965 −0.169 0.177
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improving practices than those farming poorer quality soil.
It appears that households with better quality soil may
have less of an incentive to adopt land-conserving prac-
tices than those households with poorer soils. Households
may be adopting soil-improving practices as their soil
quality deteriorates. As their soil deteriorates and yields
decrease, households may only then perceive the benefits
of adopting soil-improving practices. These results are in
line with Mbaga-Semgalawe and Folmer [25], who found
that the perception of soil erosion as a priority issue in-
creases the probability of adoption of improved soil con-
servation practices.
Seasonal leases tend to increase the probability of
adoption over long-term proprietorship. Again, one can
only speculate as to why this is the case. Adoption may
be because of the short-term lease arrangements. Land-
owners may require producers to use conserving prac-
tices, or leaseholders may be afraid of losing their leases
if they do not use conserving practices. It may be the
case that the lessee has an incentive to take care of the
land to be able to obtain a contract for next season.
Household characteristics such as age, income, house-
hold size, and education are not significant in influen-
cing the likelihood of adopting soil-improving practices.
Although variables included in previous studies vary,
studies such as [26-28] also found that characteristics
such as age or experience, type of land tenure, or educa-
tion are not significant determinates of adoption of soilTable 4 Ordered logit coefficient estimates for food security
Independent variable Coefficient Standard error
Adoption of soil imp. 0.187 0.493
Chemical fertilizer 0.979 0.489
Commercial seed 0.766 0.536
Herbicides 0.596 0.560
Insecticide −0.983 0.468
Medium-quality soil 2.439 0.541
Off-farm activity 0.396 0.481
Seasonal lease −0.113 0.553
Share cropping −0.497 0.713
Income 0.017 0.010
Education level 0.468 0.414
Household size 0.009 0.101
Age of house head 0.013 0.016




Number of observation = 116.
Chi squared = 35.00, probability >chi squared = 0.002.
Pseudo R2 = 0.13.management practices. Household characteristics do not
influence the adoption of soil-improving practices des-
pite the results of the previous studies [29,30] that sug-
gest these factors may influence adoption behavior.
Knowles and Bradshaw [14] note that there are few if
any universal factors influencing adoption; thereby, con-
cluding efforts to promote conservation agricultural
need to be tailor made for individual locations. Although
variability exists in the survey data, the study region is
fairly homogenous. One unique characteristic of this re-
gion is the nearness to the capital city and the benefits
this brings in terms of educational and infrastructure fa-
cilities. Households in the rural areas of the GA West
District in Greater Accra Region are uniformly more edu-
cated compared to other regions and have higher incomes.
This lack of sufficient variability in these variables may be
the cause of their insignificance.Food security categorization
In the food security model, the chi-squared test p value
is 0.001, indicating that the coefficients of independent
variables are not jointly equal to zero (Table 4). Chi-
squared tests of the equality of the three cutoff points
are rejected at p values of 0.00 or less. The significant
differences in the cutoff points indicates that the four
categories differ; all four categories should be included
in the model. Estimated coefficients from an ordered
logit model are difficult to interpret because they are inz p > |z| 95% confidence interval
0.380 0.704 −0.778 1.152
2.000 0.045 0.021 1.937
1.430 0.153 −0.285 1.817
1.060 0.287 −0.502 1.694
−2.100 0.036 −1.900 −0.066
4.510 0.000 1.379 3.498
0.820 0.410 −0.546 1.338
−0.200 0.838 −1.198 0.972
−0.700 0.486 −1.896 0.901
1.750 0.080 −0.002 0.036
1.130 0.259 −0.344 1.280
0.090 0.929 −0.189 0.207
0.780 0.435 −0.019 0.044
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are discussed.
Marginal effects are interpreted relative to the category
and sign. A positive coefficient for a category indicates
an increase in that variable increases the probability of
being in that category, whereas, a negative coefficient
indicates a decrease in probability of being in that cat-
egory. Four variables have significant marginal effects
(p values ≤0.15) in all four equations: use of chemical
fertilizers, having medium-quality soil, income, and use
of insecticides. The use of chemical fertilizers decreases
the probability of being in either the chronic or seasonal
insecure categories and increases the probability of being
in either the vulnerable insecure and secure categories.
Farming medium-quality soil over poor soil has a similar
effect, decreasing the probability of being in either chronic
or seasonal and increasing the probability of being in ei-
ther vulnerable or secure categories. These results are
most likely associated with increased production from the
use of chemical fertilizers and/or farming better soils.
Previous studies have shown that the adoption of agri-
cultural innovation and sustainable land practices may
influence the level of agricultural productivity which in
turn helps determine farm income and household food
insecurity [31,32]. Minten and Barrett [33] show that
Madagascarian farmers regard productivity-enhancing
innovations, such as improved access to agricultural
equipment, irrigation, and cattle, as key elements to in-
crease their food security. Asfaw and Shiferaw [34] show
that small holder farmers in Tanzania and Ethiopia are
able to produce more and create a market surplus by
planting improved varieties of chickpea and pigeon pea.
Wollini et al. [35] note that the use of improved agricul-
tural practices can have a positive effect on food security
and biodiversity through crop rotation and intercrop-
ping. Farmers may be able to grow crops that can be
harvested at different times and have different climate
and environmental stress response characteristics. Such
practices are a way of hedging the risks of drought, irregu-
lar temperatures, and rainfall variability. Specifically, for
Ghana, Diao and Sarpong [36] identify soil fertility deple-
tion as the main bio-physical factor that deters improve-
ments in productivity and per capita food production.
Increasing income decreases the probability of being
food insecure and increases the probability of the house-
hold being in either the vulnerable or food secure cat-
egory. As incomes increase, households have more funds
to purchase inputs or food; the marginal effects reflect
this idea. Studies such as [37,38] also show positive asso-
ciations between income and food security.
The use of insecticides has an opposite effect of the
previous two variables, namely increases the probability
of being in the chronic or seasonal food insecure categor-
ies and decreases the probability of being in vulnerableinsecure or secure category. Again, one can only speculate
as to why, but insecticide use may be an indicator that
there is a pest attack on the crop. Hence, households that
experienced pest attacks may have decreased production
and reduced food security. Failure to apply insecticides
would most likely cause even smaller yields. Conway and
Toenniessen [39] suggest that low soil fertility and crop
losses from pests have reduced harvests and food security
in Africa.
The marginal effect of the use of commercial seeds is
significant in two categories: seasonal and secure. Com-
mercial seed use is very close to significant (p = 0.153)
for the vulnerability category and is not significant for
the chronic category. The use of commercial seeds in-
creases the probability of being in the vulnerable or se-
cure categories while decreasing the probability of being
seasonal food insecure. As with the use of chemical fer-
tilizers, commercial seed marginal effects are most likely
related to increased yields. Commercial seeds are ex-
pected to increase yields providing higher yields for per-
sonal consumption or sale.
Household characteristics, such as education level of
the household, age of the household head and household
size, and sharecropping, and training and information
from the Ghana extension service are not significantly
associated with the probability of households improving
their food security position. As in the adoption model,
their insignificance may be because of the households
in the survey area are relatively homogenous in those
factors.
Three variables of particular interest to agricultural
policy-makers are adoption of soil improvement tech-
niques, education level, and access to extension service.
Adoption of soil-improving practices and increased edu-
cation levels have the expected effects, namely decreas-
ing the probability of being in chronic and seasonal food
insecure categories and increasing the probability of be-
ing in vulnerable and food secure categories. Adoption,
however, is not significant. It may be the case (given the
conditional logit results) that soil quality is related to
adoption of soil-enhancing practices, as such soil quality
is picking up any adoption behavior in the food security
model. Training and information from the extension ser-
vice has an unexpected effect but the effect is insignifi-
cant; extension services increases the probability of
being in chronic or seasonal categories and decreases
the probability of being in vulnerable or food secure cat-
egories. Several reasons may exist for the extension re-
sults. Similar to Rubas’ [12] finding that outreach is not
a universal factor influencing technology adoption; ex-
tension services may not influence food secure. Rubas
[12] concludes that outreach agents may want to alter
their approaches. Another reason may be the respon-
dent’s social desirability bias behavior [40]. The survey
Table 5 Marginal effects associated with the food security model
Independent variables Marginal effect Standard error z p > |z| 95% confidence interval
Chronic food insecure
Adoption of soil imp. −0.011 0.031 −0.370 0.714 −0.073 0.050
Chemical fertilizer −0.076 0.050 −1.520 0.128 −0.173 0.022
Commercial seed −0.051 0.042 −1.220 0.223 −0.134 0.031
Herbicides −0.043 0.049 −0.880 0.381 −0.138 0.053
Insecticide 0.065 0.036 1.780 0.076 −0.007 0.136
Medium-quality soil −0.200 0.065 −3.080 0.002 −0.327 −0.073
Off-farm activity −0.022 0.024 −0.880 0.377 −0.069 0.026
Seasonal lease 0.007 0.032 0.210 0.836 −0.056 0.069
Share cropping 0.035 0.058 0.600 0.551 −0.079 0.149
Income −0.001 0.001 −1.620 0.105 −0.002 0.000
Education level −0.030 0.029 −1.020 0.307 −0.087 0.027
Household size −0.001 0.006 −0.090 0.929 −0.012 0.011
Age of house head −0.001 0.001 −0.760 0.446 −0.003 0.001
Extension service 0.033 0.025 1.310 0.189 −0.016 0.082
Seasonal food insecure
Adoption of soil imp. −0.025 0.064 −0.390 0.694 −0.150 0.100
Chemical fertilizer −0.093 0.040 −2.340 0.019 −0.171 -0.015
Commercial seed −0.092 0.058 −1.590 0.112 −0.206 0.022
Herbicides −0.065 0.046 −1.400 0.161 −0.155 0.026
Insecticide 0.122 0.059 2.080 0.037 0.007 0.237
Medium-quality soil −0.222 0.071 −3.130 0.002 −0.361 −0.083
Off-farm activity −0.061 0.081 −0.750 0.451 −0.219 0.097
Seasonal lease 0.016 0.080 0.200 0.842 −0.141 0.173
Share cropping 0.056 0.063 0.900 0.371 −0.067 0.179
Income −0.002 0.001 −1.630 0.104 −0.005 0.000
Education level −0.060 0.050 −1.200 0.229 −0.158 0.038
Household size −0.001 0.014 −0.090 0.929 −0.029 0.026
Age of house head −0.002 0.002 −0.770 0.440 −0.006 0.003
Extension service 0.101 0.092 1.100 0.272 −0.079 0.281
Vulnerable food insecure
Adoption of soil imp. 0.018 0.046 0.380 0.703 −0.073 0.108
Chemical fertilizer 0.085 0.042 2.020 0.043 0.003 0.168
Commercial seed 0.070 0.049 1.430 0.153 −0.026 0.165
Herbicides 0.054 0.048 1.110 0.268 −0.041 0.149
Insecticide −0.089 0.044 −2.030 0.042 −0.175 −0.003
Medium-quality soil 0.187 0.049 3.840 0.000 0.092 0.282
Off-farm activity 0.037 0.046 0.820 0.413 −0.052 0.127
Seasonal lease −0.011 0.052 −0.200 0.839 −0.113 0.092
Share cropping −0.045 0.062 −0.720 0.470 −0.168 0.077
Income 0.002 0.001 1.630 0.104 0.000 0.003
Education level 0.043 0.039 1.130 0.260 −0.032 0.119
Household size 0.001 0.010 0.090 0.929 −0.018 0.019
Age of house head 0.001 0.002 0.770 0.443 −0.002 0.004
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Table 5 Marginal effects associated with the food security model (Continued)
Extension service −0.059 0.048 −1.230 0.220 −0.153 0.035
Food secure
Adoption of soil imp. 0.019 0.049 0.390 0.698 −0.077 0.115
Chemical fertilizer 0.084 0.037 2.250 0.025 0.011 0.157
Commercial seed 0.074 0.049 1.510 0.130 −0.022 0.169
Herbicides 0.054 0.044 1.230 0.220 −0.032 0.140
Insecticide −0.098 0.047 −2.060 0.039 −0.191 −0.005
Medium-quality soil 0.235 0.056 4.200 0.000 0.125 0.345
Off-farm activity 0.045 0.059 0.760 0.447 −0.071 0.161
Seasonal lease −0.012 0.060 −0.200 0.841 −0.129 0.105
Share cropping −0.046 0.057 −0.800 0.425 −0.158 0.066
Income 0.002 0.001 1.680 0.092 0.000 0.004
Education level 0.046 0.040 1.170 0.240 −0.031 0.124
Household size 0.001 0.011 0.090 0.929 −0.020 0.022
Age of house head 0.001 0.002 0.780 0.437 −0.002 0.005
Extension service −0.075 0.069 −1.090 0.274 −0.209 0.059
The marginal effects are for the discrete change in the qualitative 0–1 variables.
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with farmers in the region over a long period of time. It
is possible as Legget et al. [40] has suggested that the re-
spondents presented themselves in a socially desirable
frame (respond that they received training/information)
to look good in the eyes of the survey personnel, in this
case extension agents.
Conclusions
It appears that soil quality should be the center of the
focus in addressing the issues of adopting soil-improving
practices and food insecurity in Ghana. Households with
higher quality soil are more likely to be associated with
the use of soil-improving practices and are more likely
to be in an improved food insecure category. Given the
high priority, the government of Ghana has placed on
food security, policies that encourage the use of yield en-
hancing inputs, chemical fertilizers, and commercial
seeds that may be beneficial in improving farm house-
holds’ food security status. Adoption of soil-improving
practices and yield enhancing inputs, however, may not
always be compatible.
Priorities may differ between food secure and food in-
secure households in terms of adopting soil-improving
practices. It is estimated that food secure households are
more likely to be associated with the use of soil-
improving practices than food insecure households.
Food insecure households may be weighing the immedi-
ate need for increased production from the limited land
they farm against longer term needs. Food secure house-
holds may have been able to afford to adopt soil-
improving practices even if there is temporary drop inyields. Hence, policies may have to be customized for
the different categories of food secure households to in-
crease adoption of soil-improving practices.
Household characteristics such as income, age, educa-
tion level, and household size emerge as not associated
with improving household food security or the adoption
decision in all food insecurity groups. There might be
other factors that are outside the control of households
to determine the food security position of households.
Exogenous factors such as weather and crop prices are
beyond the farmer control but may determine food se-
curity “better” than the influence of household charac-
teristics. Further research into why households appear to
differ little between the categories should be conducted
or is it entirely related to soil quality.
Four recommendations emerge to improve the food se-
curity status of households based on their soil-improving
practice choice decisions. First, the results from the food
security model lend support for a need for the government
to eliminate the problems that saddled the distribution of
fertilizers in response to the fertilizer subsidy program an-
nounced during the 2008 planting season. Results suggest
that the use of chemical fertilizers improves the food se-
curity status of households. The adoption model, however,
suggests a catch-22 may exist. Although increasing use of
chemical fertilizers reduces food insecurity, it also reduces
the probability of adopting soil-improving practices. This
is an unexpected result. Households may be using the ap-
plication of chemical fertilizer as a short-term solution to
restore soil fertility. This practice, however, may be a
short-sighted substitute activity for a longer term solution
of adoption of soil-improving practices. This is just
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At this time, the government needs to approach these two
different issues cautiously.
Second, the results suggest a need to improve the seed
research and distribution. A recent study has indicated a
woeful adoption of improved seed in Ghana since 1997
[41]. Banful [41] notes that approximately 3% of Ghana’s
maize area is planted to hybrids which have twice the
yield potential of the currently planted seeds. She notes
that the system is either not solving the binding con-
straints on Ghana’s farmers to adopt the variety or the
extension service is unable to disseminate the net bene-
fits of the new varieties. Third, the results point to a
need to improve the institutional framework, especially
land markets to improve land use contracting. Farmers
leasing land have been shown to increase technology
adoption, but there is little contract enforcement mecha-
nisms within the judicial system to promote land lease
contracts. Fourth, given the importance of soil quality is
in both models, policies that enhance soil quality are im-
portant. Information on improving soil quality may need
to be delivered to farmers in a way that is understand-
able and easy to use.
Contrary to a priori expectations, both access to agri-
cultural extension services and education are insignifi-
cant in both adoption of soil-improving practices and
food insecurity categorization. A priori, it was felt that
these factors should increase adoption of soil-improving
practices and improve the food security position of the
household. Further, research is necessary to better under-
stand the relationship between these variables.
Endnote
aAs requested by a reviewer, the level of significance is
arbitrary, depends on the sample size, and involves
trade-offs between consequences of type I and II errors.
A level of 0.15 is used in this study to include in the dis-
cussion any potentially important variables that might be
nonsignificant because of the sample size and data limi-
tations. Further, given that several of the variables are
significant between 0.05 and 0.11 and relatively few vari-
ables between 0.15 and 0.25 (a natural break), it was felt
that a larger significance level of 0.15 is appropriate.
Exact p values are provided in the tables for the inter-
ested reader.
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